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Abstract 
The article presents the results of a calculation-to-experiment (C/E) discrepancy analysis for a new evaluation of differential (measuring 
neutron transmission) and integral experiments from the International Handbook of Evaluated Criticality Benchmark Safety Experiments. The 
experiments were carried out to examine the properties of fuel and structural materials. Based on these experiments, proposals were made 
for silicon-28 and uranium-235 resonance parameters corrections. This series of studies is considered as a sample joint analysis framework 
for differential and integral experiments required to correct nuclear data files of the ROSFOND evaluated neutron data library. The authors 
investigate the possible sources of the C/E discrepancies in their relation to uncertainties in the neutron cross-section resonance structure as 
well as resonance effects influencing the measured characteristics. 
Copyright © 2016, National Research Nuclear University MEPhI (Moscow Engineering Physics Institute). Production and hosting by 
Elsevier B.V. This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 
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Over the last few decades, data on BFS reactor physics ex-
eriments carried out at the SSC RF-IPPE have been widely
sed for correcting both nuclear data systems and software
ools [1] to be applied in calculation support for power and re-
earch reactors [2] . Neutron cross-section data were obtained
rom the experiments carried out at different times with differ-
nt BFS core configurations and compositions to examine the
roperties of fuel and structural materials [3–5] . These data
ere used for corrections of the ABBN group constant system
6] and the ROSFOND evaluated nuclear data library [7] . 
The article presents the results of a C/E discrepancy analy-
is of differential (measuring neutron transmission functions)
nd integral experiments (on the BFS critical assemblies)∗ Corresponding author. 
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452-3038/Copyright © 2016, National Research Nuclear University MEPhI (Mos
.V. This is an open access article under the CC BY-NC-ND license ( http://creatiarried out to examine the properties of fuel and structural
aterials. Based on these results, proposals were made for
orrecting neutron data files of the ROSFOND library. The
alculations were made using the MCNP-5 transport code
8] in point-wise neutron cross-section representation. As ap-
lied to calculations of nuclear reactor neutronics, the quality
f calculations carried out using precision codes is determined
y the reliability of neutron data files, because their applica-
ion makes it possible to minimize the model uncertainty. 
escription of experimental programs 
Integral experiments on the BFS critical assemblies: In
ooperation with Idaho National Laboratory (INL, USA) a
rogram of critical experiments was executed on the BFS-
 facility at the SSC RF-IPPE. The program consisted of
wo series [9] . The calculation models are described in the
nternational Handbook of Evaluated Criticality Benchmark 
afety Experiments—ICSBEP (HEU-MET-MIXED-005 and 
U-MET-MIXED-001) [10] . 
In the first series of experiments (BFS-79), the core was
omposed of aluminum pipes filled with metal uranium pelletscow Engineering Physics Institute). Production and hosting by Elsevier 
vecommons.org/licenses/by-nc-nd/4.0/ ). 
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o  ( 235 U enrichment ≈ 90%) and silicon dioxide. In the second
series (BFS-81), instead of uranium, the core was filled with
plutonium pellets ( 239 Pu enrichment ≈ 95%). An analysis of a
series of experiments on criticality perturbation measurements
by introducing highly enriched 235 U samples of different sizes
into the center of these assemblies showed that the results
were significantly different from those obtained by means of
precision calculated codes which use point-wise neutron cross
sections. 
The measurements in the BFS-79 and BFS-81 critical as-
sembles discovered that the reactivity introduced by 235 U
(90%) pellets becomes negative. This effect was thoroughly
examined [11] . It is obvious that this reactivity behavior may
be due to the effect of 235 U resonance self-shielding within
the intermediate neutron spectrum. First of all, the nega-
tive reactivity effect is caused by the core composition and
configuration. 
In this paper, the experiments on the BFS-79 and BFS-81
assembles, mainly composed of uranium, plutonium, and sil-
icon, are used for correcting and verifying neutron data on
uranium and silicon neutron cross-sections within the reso-
nance region. 
Neutron transmission function measurements: As part of
the work, a large cycle of studies was considered in order to
make a calculational description of experiments on the IBR-2
fast pulsed reactor (Dubna, Russia) on measurements of neu-
tron beam transmission through 235 U sample filters with the
impurity content up to 10% ( 238 U—8.8%, 234 U—1.2%). The
results of these studies [12] were entered into the fundamen-
tal experiment database EXFOR (No.40082.2005) [13] and
ICSBEP (FUND-JINR-1/E-MULT-TRANS-001). The experi-
ments were focused on the resonance self-shielding effects of
235 U sample filters during a neutron beam transmission; the
energy range for total transmission measurements was within
0.1–200 keV. 
An analysis of the experimental data and values α= σγ / σ f 
necessitated 235 U neutron capture cross-section increasing
within the resonance energy region. The analysis results of a
set of benchmark experiments in the uranium critical systems
with fast and intermediate neutron spectra from the ICSBEP
gave cause for revision of the existing evaluation of 235 U res-
onance parameters within the energy region of 500–2500 eV. 
A number of studies were analyzed on measurements of
neutron transmission through natural Si sample filters within
the energy region of 0.3–3 MeV. The results of the experi-
ments carried out on the FP-1 and FP-2 Van de Graaff accel-
erator facilities at the SSC RF-IPPE during the 1960s [13] are
available in the EXFOR database (No. 40,082.005). 
The neutron transmission function measurements are very
important because they are the main source of information
about neutron cross section self-shielding. Based on the re-
sults of these measurements, average resonance parameters
for nuclear data files are estimated within the energy regions
where there is no direct information about the neutron cross
section resonance structure. 
An analysis of C/E dependencies of neutron beam trans-
missions through U and Si samples of different thicknesseshowed that, in the case of silicon, one can observe significant
iscrepancies between C/E dependencies in total transmission
unctions. These discrepancies are indicative of uncertainties
n the descriptions of the silicon resonance region in the ex-
sting nuclear data libraries within the energy region of 0.3–
.8 MeV. These experimental data made it possible to analyze
he Si resonance parameters. 
ethods and software tools for nuclear data correction 
Joint analysis of differential and integral experiments for
eutron data correction : One of the current trends in reac-
or physics is improving the accuracy of predicted reactor
erformance by reducing the nuclear data uncertainty in the
alculation error. Since new experiments require considerable
ime and resources, the most realistic way to reduce the nu-
lear data uncertainty in reactor characteristics would be to
se evaluated neutron data obtained with due account for the
otal experimental information (including data previously un-
ccounted for). It should be noted that this cycle of studies
epresents a suggested approach to neutron data corrections
y sharing data of differential and integral experiments, and
ncludes the following stages. 
1. Sets of neutron data are formed based on the combinations
of different evaluated data file sections, theoretical and sta-
tistical approaches; for further consideration only those sets
are retained which have no significant disagreements with
differential experiments. 
2. Reactor characteristics and errors measured during the in-
tegral experiments on the critical systems are calculated
using neutron transport codes according to the evaluated
set of neutron data chosen with account of errors in the
differential experiments. 
3. The most appropriate (compromise) option of neutron data
is chosen based on a complex comparison of C/E discrep-
ancies for the selected set of differential and integral exper-
iments provided that it does not conflict with the proposed
evaluation of neutron data. 
Calculation models : The calculation analysis was carried
ut using the MCNP-5 transport code and the most up-to-date
ersions of nuclear data libraries (ROSFOND-2010, ENDF/B-
II.1, JEFF-3.2, and JENDL-4.0). For the experiments on
easurements of neutron transmission through Si samples,
recision calculation models were made similar to the bench-
ark models for the experiments on neutron transmission
hrough U samples in the ICSBEP. The models for the BFS-79
nd BFS-81 assemblies from the ICSBEP were complemented
ith the calculations of reaction rates and central reactivity
oefficients. 
esults 
Uranium-235 resonance parameters correction: Based on
he methods of stochastic optimization and resonance statis-
ics (Porter–Thomas and Wigner distributions), the 235 U res-
nance region (Leal et al., 2002 [14] ) was reevaluated within
O.N. Andrianova et al. / Nuclear Energy and Technology 2 (2016) 97–101 99 
Fig. 1. Central reactivity coefficients (shaded areas 1 and 2 indicate the cal- 
culation error associated with the uncertainty in resonance parameters). 
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Fhe energy range of 500–2000 eV. This made it possible to
educe the C/E discrepancies for systems with the intermedi-
te neutron spectrum and explain the detected effects ( Fig. 1 )ig. 2. Dependencies of neutron transmission functions on the thickness of Si sam
Table 1 
A comparison of the C/E discrepancies in reactor f
suggested corrected nuclear data on 235 U and 28 Si. 
Index Experiment data [15,16] 
BFS-79-5 
σ f ( 238 U) / σ f ( 235 U) 0.0150 ± 0.005 
σ c ( 197 Au) / σ f ( 235 U) 1.15 ± 0.05 
BFS-81-1 
σ f ( 238 U) / σ f ( 235 U) 0.0168 ± 0.0005 
σ c ( 197 Au) / σ f ( 235 U) 1.11 ± 0.05 ssociated with resonance neutron cross section self-shielding
bserved in the measurements on the BFS-79 and BFS-81
ssemblies [15] . 
Silicon-28 resonance parameters correction: As part of the
ork, the 28 Si resonance parameters were selected based on
he stochastic optimization method for the ROSFOND-2010 
valuated nuclear data library so that the calculated dependen-
ies of transmission functions would most accurately describe
he experimental curves for purposes of minimizing the C/E
iscrepancies ( Fig. 2 ). 
The analyzed dependencies of total neutron transmission
unction measurements necessitate revising the current eval-
ations of Si resonance parameters and conducting more de-
ailed investigations of neutron cross section energy depen-
ency within this energy region. 
The options of corrected nuclear data were tested in the
alculations of reactor characteristics measured on the BFS-
9 and BFS-81 assemblies. A comparison of the results of the
/E discrepancies in reactor characteristics for the suggested
35 U and 28 Si data is given in Table 1 and Fig. 3. ples averaged for the energy ranges of: (a) 390–700 keV; (b) 580–860 keV. 
unctionals for the BFS critical assemblies and 
Nuclear data С /E–1, % 
ROSFOND2010 6.7 ± 3.8 
ROSFOND2010 + 235 U 2.0 ± 3.9 
ROSFOND2010 + 28 Si 5.3 ± 3.8 
ROSFOND2010 + 235 U + 28 Si 2.6 ± 3.9 
ROSFOND2010 −21.7 ± 4.9 
ROSFOND2010 + 235 U −4.4 ± 4.7 
ROSFOND2010 + 28 Si −2.6 ± 4.7 
ROSFOND2010 + 235 U + 28 Si −4.4 ± 4.7 
ROSFOND2010 3.5 ± 3.2 
ROSFOND2010 + 235 U + 28 Si 2.0 ± 3.1 
ROSFOND2010 2.5 ± 4.2 
ROSFOND2010 + 235 U + 28 Si −0.2 ± 4.0 
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Fig. 3. Calculated and experimental k eff from different evaluated nuclear data libraries: (a) BFS-79 series; (b) BFS-81 series. 
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[  Fig. 3 shows the calculated values of the effective multi-
plication factor obtained from different nuclear data libraries,
depending on the configuration type, in increasing order of
fissions within the thermal energy region (characteristic of
the average neutron spectrum over the core). 
The calculation results show that the corrected data make it
possible to significantly reduce the C/E discrepancies even in
the effective neutron multiplication factor for systems with the
fast and intermediate neutron spectra. In the case of systems
with the thermal spectrum, corrections of neutron data do not
reduce the C/E discrepancies, as could be expected, since the
modifications were introduced only into the resonance energy
regions. The authors are well aware that the proposed expla-
nation of the detected discrepancies is probably not the only
one possible. It is obvious that a re-evaluation of the entire
235 U and 28 Si resonance region based on the new experimen-
tal data on differential and integral experiments may help to
avoid the observed contradictions in the future descriptions
of the detected experimental effects. Nevertheless, it is the
authors’ opinion that the observed discrepancies necessitate
improving knowledge about the cross section resonance ef-
fects of the elements within the energy region of fast and
intermediate neutrons, where to find an acceptable evaluation
will be a difficult task. 
Conclusion 
The discussed series of studies has exemplified an ap-
proach to evaluated nuclear data corrections based on the
results of a joint analysis of differential and integral ex-
periments. As part of the work, the authors have made a
new (more detailed) evaluation of the experiments on the
Si total cross section resonance structure carried out on the
Van de Graaff accelerator at the SSC RF-IPPE. The results
of corrected 235 U and 28 Si neutron cross section resonanceegions obtained based on the stochastic optimization method
ave been presented for the ROSFOND-2010 evaluated nu-
lear data library. This made it possible to give a calculation
xplanation of the resonance cross section self-shielding ef-
ects observed during the experiments. 
The authors would like to express their gratitude to Prof.
. N. Nikolaev and Prof. V. A. Dulin for the fruitful discus-
ions and help in carrying out this work. 
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